SBA-Pr-SO 3 H with pore sizes of 6 nm was determined to be a green and effective solid acid catalyst in the reaction of isatins with indoles under mild reaction conditions for the production of a novel class of symmetrical 3,3-di(indolyl)indolin-2-ones with excellent yields. The antimicrobial activities of the synthesized compounds were tested. Antimicrobial tests demonstrated that the MIC value of compound 3e against B. subtilis was equal to that of Chloramphenicol.
Introduction
Oxindoles possess antibacterial, antiprotozoal, and anti-inflammatory activities and have been patented as agonists to progesterone receptors (PR) [1] . The naturally occurring oxindole derivative convolutamydine has under different conditions in the presence of I 2 in i-PrOH [11] , FeCl 3 in MeCN [12] , Amberlyst [13] , ZrCl 4 in dry CH 2 Cl 2 [14] , and I 2 in CH 2 Cl 2 [15] .
Recently, there has been rapid growth in the research and development of mesoporous materials. SBA-15 is a nanoporous silica catalyst with a hexagonal structure, high surface area, large pore size, high selectivity, excellent (chemical and thermal) stability, and easy separation from products [16, 17] . Potential applications of SBA-15 range from biosensors [18] and drug delivery [19] to separations [20] and catalysis [21] has attracted significant interest. In this study, in a continuation of our studies towards using nanoporous solid catalysts in organic reactions [22] [23] [24] , we study the effect of SBA-Pr-SO 3 H as a heterogeneous solid acid catalyst for the synthesis of 3,3-di(indolyl)indolin-2-one derivatives.
Experimental

Apparatus and analysis
The chemicals employed in this work were obtained from Merck Company and were used without further purification. Infrared (IR) spectra were recorded from KBr discs using a Fourier-transform (FT)-IR Bruker Tensor 27 instrument. Melting points were measured by using the capillary tube method with an Electrothermal 9200 apparatus. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were run on a Bruker DPX using tetramethylsilane (TMS) as an internal standard in DMSO-d 6 . Mass spectrometry (MS) analysis was performed on a model 5973 mass-selective detector (Agilent). Scanning electron microscopy (SEM) analysis was performed on a Philips XL-30 field-emission SEM operated at 16 kV, while transmission electron microscopy (TEM) was carried out on a Tecnai G 2 F30 at 300 kV.
Synthesis and functionalization of SBA-15
The nanoporous compound SBA-15 was synthesized and functionalized according to our previous report [21] , and the modified SBA-15-Pr-SO 3 H was used as a nanoporous solid acid catalyst in the following reaction.
Typical procedure for the synthesis of 3,3-di(indolyl)indolin-2-ones (3a-3i)
A mixture of isatin (0.147 g, 1 mmol), indole (0.234 g, 2 mmol) and SBA-Pr-SO 3 H (0.02 g) in 10 ml H 2 O:EtOH (9:1) was heated and stirred under reflux conditions. When the reaction was completed, as monitored by TLC, the resulting crude product was cooled to room temperature and extracted from the solvent. Then, the precipitate was dissolved in hot EtOAc and the unsolvable catalyst was removed by filtration. The filtrate was cooled to produce the pure product. The new compounds were characterized by mass, IR and NMR spectroscopy techniques. The melting points of the products were compared with those reported in the literature. The catalysts were sequentially washed with a diluted acid solution, distilled water and acetone. After drying under vacuum, the catalysts could be reused several times without noticeable reactivity losses.
2.4. The spectroscopic and analytical data for the prepared compounds are presented below
3,3-Di(1H-indol-3-yl)indolin-2-one (3a)
Yellowish 
3,3-Di(1H-indol-3-yl)-5-bromo-indolin-2-one (3b)
Light 
3,3-Di(1H-indol-3-yl)-5-chloro-indolin-2-one (3c)
White 
3,3-Di(1H-indol-3-yl)-1-benzyl-indolin-2-one (3e)
3,3-Bis(1-methyl-1H-indol-3-yl)indolin-2one (3f)
3-(1H-Indol-3-yl)-3-(1-methyl-1H-indol-3yl)indolin-2-one (3j)
Results and discussion
Chemistry
In this article, we report a simple, green and highly efficient strategy for the synthesis of 3,3di(indolyl)indolin-2-one derivatives by the condensation of isatin and indole in the presence of SBA-Pr-SO 3 H (Scheme 1). To optimize the reaction conditions, isatin 1 and two moles of indole 2 were subjected to various conditions using a catalytic amount of SBA-15-Pr-SO 3 H as catalyst. The reaction times and yields of the products under various conditions (i.e., reflux, 80 • C, and room temperature), in the presence of different solvents, such as H 2 O, EtOH, H 2 O:EtOH (1:1), and H 2 O:EtOH (9:1), and under a solvent-free system were compared ( Table 1) .
As shown in Table 1 , the best result was obtained after 15 min at reflux temperature in H 2 O:EtOH (9:1) solvent by taking a 1:2 mol ratio mixture of isatin and indole. We also tested the reaction without any catalyst under reflux conditions; after 24 h, the yield of product was very low (48%).
As shown in Table 2 , this procedure is applicable with a wide variety of substrates. Correspondingly, 3,3-di(indolyl)indolin-2-ones were synthesized by the one-pot condensation of isatins 1 and indoles 2 with excellent yields (86-95%) in the presence of SBA-Pr-SO 3 H as a catalyst for 1-15 min.
We also investigated the reaction of isatin 1, indole 2a, and N-methylindole 2b in the presence of SBA-Pr-SO 3 H. The asymmetrical 3-(1H-indol-3-yl)-3-(1-methyl-1H-indol-3-yl)indolin-2-one 3j was obtained after 7 min with an 88% yield (Scheme 2). The melting point was confirmed when compared with literature values [9] .
In another attempt, when the reaction of isatin and two moles of 2-methylindole was carried out in Table 1 The optimization of reaction conditions in the synthesis of 3,3di(indolyl)indolin-2-ones.
Entry Solvent
Temperature the presence of SBA-Pr-SO 3 H, based on the spectroscopic data of the product [25] , it was found that the reaction did not yield the expected 3,3bis(2-methyl-1H-indol-3-yl)indolin-2-one 3. Instead, 3-hydroxy-3-(2-methyl-1H-indol-3-yl)indolin-2-one 4 was formed with an 85% yield (Scheme 3). The suggested mechanism for the reaction of indoles with isatin derivatives is shown in Scheme 4. A protonation of a carbonyl group on isatin 1 by the solid acid catalyst activates isatin for a nucleophilic attack on the first molecule of indole 2 to yield an intermediate 6, which reacts further with the second molecule of indole. Finally, the elimination of water yields the corresponding 3,3-di(indolyl)indolin-2-one 3 (Scheme 4).
A literature survey shows that this reaction was carried out by several different schemes; however, the strategy presented here is more efficient, less timeconsuming and provides increased yields of the desired products when compared with other existing methods. The results are summarized in Table 3 .
Nanoporous silica SBA-15 can be prepared by using commercially available triblock copolymer Pluronic P126 as a structure-directing agent [26, 27] . The functionalization of SBA-15 with an SO 3 H group is usually performed though direct synthesis or postgrafting [28, 29] . SBA-15 silica was functionalized with (3-mercaptopropyl)trimethoxysilane (MPTS). Then, the thiol groups were oxidized to sulfonic acid by hydrogen peroxide. An analysis of the catalyst surface was performed by various methods, such as thermogravimetric analysis (TGA), Brunauer-Emmett-Teller (BET) analysis, and elemental (CHN) methods, which demonstrated that the propyl sulfonic acids were immobilized within the pores [21] . Fig. 1 shows the SEM and TEM images of SBA-15-Pr-SO 3 H. The SEM image (Fig. 1a) shows uniform particles of approximately 1 m which has the same morphology as was observed for SBA-15. It can be concluded that the morphology of the solid was maintained during the surface modifications. Furthermore, the TEM image ( Fig. 1b ) reveals parallel channels that resemble the pore configurations of SBA-15. This indicates that the pores of SBA-15-Pr-SO 3 H did not collapse during the two-step reactions.
Antimicrobial activity
All synthesized compounds were screened for antimicrobial activity using the disc diffusion method. The microorganisms used in this study were Gram-negative bacteria Escherichia coli (ATCC 25922) and Pseudomonas aeruginosa (ATCC 85327), Gram-positive bacteria Bacillus subtilis (ATCC 465) and Staphylococcus aureus (ATCC 25923), and the fungus Candida albicans (ATCC 10231). All synthesized compounds were dissolved in DMSO (100 g/ml); 25 l samples were loaded onto 6-mm paper discs. One hundred microliters of 10 9 cell/ml suspension of the microorganisms were spread on sterile Mueller-Hinton agar plates, and the 6mm paper discs were laid on the surfaces of the culture plates. Table 4 presents the observed results of the inhibition zones of compounds around the discs. Compounds 3a and 3e exhibited the best results against B. subtilis, with inhibition zones of 25 and 26, respectively. Compound 4 showed a maximum inhibition zone (18) against S. aureus. None of the compounds showed antibiotic activity against E. coli, P. aeruginosa or C. albicans. The minimum inhibitory concentration (MIC) values of the synthesized compounds that showed antibiotic activity in disc diffusion tests were determined by microdilution and compared with three reference commercial antibiotics: chloramphenicol, gentamicin, and nystatin ( Table 5 ). It was observed that the MIC values of compounds 3a and 3e against B. subtilis were 8 and 4, respectively, the latter of which was equal to that of Chloramphenicol.
Conclusions
We reported an environmentally friendly, efficient, clean and simple method for the synthesis of 3,3-di(indolyl)indolin-2-one derivatives using readily available starting materials. This new method provides shorter reaction times, operational simplicity, the use of water as a solvent, high yields, easy work-up procedures, the use of SBA-Pr-SO 3 H as a recyclable, and an environmentally friendly nano-reactor in which the reaction readily proceeds in its nano-pores. The compounds were screened for their antimicrobial activities. Antimicrobial tests showed that the MIC value of compound 3e against B. subtilis was equal to that of Chloramphenicol.
